Residual Stress Prediction with Finite Elements
Machining induced residual stress is predicted using AdvantEdge™, an explicit dynamic, thermo-mechanically coupled finite element model specialized for metal cutting. AdvantEdge™ uses a Lagrangian FEM approach with adaptive remeshing to resolve multiple length scales (i.e., cutting edge radius, secondary shear zone and chip load), multiple body deformable contact for tool-workpiece interaction, and transient thermal analysis. Workpiece material are represented with constitutive models that include effects of high strain rates, large strains, and short heating times that are present at the tool-chip interface in machining operations.
The finite deformation kinematic and stress update formulations can be found in Marusich and Ortiz [1] . They are reviewed here in brevity. The balance of linear momentum is written as To predict the residual stress imparted in the workpiece during a machining operation, an FEM simulation is designed by parametric specification of the cutting operation. This 
Inputs in Distortion Analysis
AdvantEdge™ Distortion Modeler incorporates AdvantEdge™ FEM machining-induced residual stress prediction with bulk plate or forging residual stresses and clamping conditions to provide a prediction of final part distortion as a function of machining strategy (i.e., tool path variation, positioning of part in bulk plate, clamping strategies, and material selection). The workpiece representation contains bulk material stresses arising from forging, rolling or heat treatment. The machining process is modeled by taking into account the toolpath, speed and feed rates of the cutter. Machining induced stresses are applied as material is removed. The final part distortion is computed via an equilibrium calculation. 
Results
The technique was provided to a thin-walled Al7050 airframe component of size approximately 1m by 1m. Three cases were analyzed -top, center, and bottom -each representing the position in the thickness of the starting plate material where the part was machined from.
Tool path and clamping conditions where the same for each case. Maximum distortion magnitudes were recorded for each case, Figure 5 . 
Discussion
It can be seen that the maximum distortion magnitude can vary considerably depending on what position the part was machined from the plate, with the top position being most favorable (i.e., resulting in minimal distortion) in this case, Figure 5 . It can be inferred that the bulk stresses existing in the initial plate as well as machininginduced stresses have significant effect on the final distortion configuration of the part. It is also seen that the distortion magnitude is highly dependent on part shape and symmetry.
Conclusion
A methodology is presented to model the distortion of a machined part caused by the existence of residual stresses. The combination of residual stresses from the bulk material, as well as those created by the machining process itself are considered. In this paper, the model is applied to an Al7050 component and the results are compared based on the position that the part was machined out of the initial plate stock. It is shown that distortion can be minimized based machining position in the plate.
